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Abstract
It is essential to explore two-dimensional (2D) material with magnetic order-
ing in new generation spintronic devices. Particularly, the seeking of room-
temperature 2D ferromagnetic (FM) materials is a hot topic of current research.
Here, we study magnetism of the Mn-doped and electron-doped SiC monolayer
using first-principle calculations. For the Mn-doped SiC monolayer, we find that
either electron or hole could mediate the ferromagnetism in the system and the
Curie temperature (TC) can be improved by appropriate carrier doping. The
codoping strategy is also discussed on improving TC . The transition between
antiferromagnetic and FM phase can be found by strain engineering. The TC
is improved above room temperature (RT) under the strain larger than 0.06.
Moreover, the Mn-doped SiC monolayer develops half-metal at the strain range
of 0.05 − 0.1. On the other hand, the direct electron doping can induce ferro-
magnetism due to the van Hove singularity in density of states of the conduction
band edge of the SiC monolayer. The TC is found to be around RT. These fasci-
nating controllable electronic and magnetic properties are desired for spintronic
applications.
Keywords: ferromagnetic materials, Curie temperature, half-metal, van Hove
singularity, spintronic applications
1. Introduction
Since graphene was discovered in 2004[1], exploring innovative two-dimensional
(2D) materials has become a very hot topic. Up to now, a series of 2D mate-
rials have been predicted theoretically or even realized experimentally[2–10].
In according to Mermin-Wagner theorem[11], it is challenging to realize mag-
netic ordering in 2D materials The theorem has been confirmed in Ref.12,
which concluded that a 2D crystal is affected by Mermin-Wagner fluctuations
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in the long time limit but it is stable with a small size in the short time. Re-
cently, the discovery of exfoliated 2D ferromagnetic (FM) materials CrI3 [13]and
Gr2Ge2Te6[14] experimentally impel researchers to hunt for more realizable 2D
magnetic materials for spintronic and electronic device applications. Many the-
oretical and experimental efforts have been devoted to obtain 2D magnetism,
such as strain engineering[15–20], electric field modulation[21, 22], creating cer-
tain structural defects and nanoribbon edge[23], introducing magnetic atoms
into non-magnetic 2D materials[10, 24–30] or surface adsorption[31–34], and
so on. On the other hand, carrier doping is also effective way to introduce
magnetism, when there is high density of states near the Fermi level. The
physical origin of magnetism depending on carrier doping can be illustrated by
the Stoner picture. The system would develop spontaneously ferromagnetism
if the Stoner criterion is satisfied: ID(Ef ) > 1, where I is the strength of the
magnetic exchange interaction, and D(Ef ) is the the DOS at the Fermi level
of the non-spin-polarized band structure. The magnetism introduced by carrier
doping has been predicted in a new class of 2D materials InP3[35], GaSe[36],
PtSe2[37],C2N monolayer [38]and monolayer honeycomb structure of group-V
compounds.[39]
However, the Curie temperatures (TC) of these magnetic 2D materials are
lower than room temperature (RT). The TC of the 2D MnPc is about 150 K
[40]and the TC of the 2D GaSe is 91 K. It hence remains a challenge to find 2D
materials with strong magnetism and FM order above room temperature. The
Mn-doped SiC is considered to be an excellent candidate for spintronic appli-
cation with possibly high TC because of its wide band gap at 300 K. The TC
of Mn-implanted n-type 3C-SiC and 6H-SiC by ion implantation at a fluence of
1 × 1016/cm2 were found to be 245 K[41, 42]. The Mn-implanted 3C-SiC film
was also performed with a dose of 5 × 1015Mn/cm2 at an energy of 8 keV and
the TC was found to be higher than RT[43]. Similar to graphene, it was theo-
retically predicted that the SiC monolayer has a stable 2D honeycomb structure
because of the strong pi -bonding through the perpendicular pz orbitals[44–46].
The SiC monolayer exhibits a wide band gap and the conduction band edge
(CBE) exhibits flat dispersion. Thus, we propose that is the SiC monolayer
potential to realize controllable one-atom-thickness magnetic material which is
practical above RT by doping magnetic atoms or carrier due to its novel elec-
tronic structure?
In this work, to address the above question, we have systematically studied
the magnetic properties of the Mn-doped SiC monolayer and electrons-doped
SiC monolayer using first-principles calculation. For the Mn-doped SiC mono-
layer, we demonstrate that the system exhibits RT ferromagnetism with either
electron or hole inserting. In addition, the RT half-metallic magnetism is ob-
tained for the Mn-doped SiC monolayer by applying relatively small tensile
strain. Furthermore, we find that the SiC monolayer become FM phase with
electron doping and the TC is around RT. The tunable electronic and magnetic
properties of the SiC monolayer will make it promising candidates in future
spintronic applications.
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2. Computational method
The density functional theory (DFT) calculations are performed using the
Vienna ab initio simulation package (VASP)[47–49]. The projector augmented-
wave (PAW) method[50] is used to describe the ion-electron interactions. The
electron exchange correlation potential is treated with the generalized gradi-
ent (GGA) of the Perdew-Bruke-Ernzerhof (PBE) functional[51]. The Heyed-
Scuseria-Ernzerhof (HSE) hybrid functional method[52] is also used to check
some results. A kinetic cutoff energy is set at 500 eV for the plane-wave in-
cluded in the basis set in all considered systems. A vacuum region of 20A˚ along
the direction perpendicular to the SiC monolayer is adopted to eliminate inter-
layer interaction. Atomic positions are optimized with a conjugated gradient
algorithm until the variation of total energy is smaller than 10−6 eV and the
atomic forces are less than 0.002 eV/A˚. For Brillouin-zones integration, we em-
ploy a Γ-centered 30× 30× 1 K-points grid for unit cells and a 6× 12× 1 grid
for the largest supercell. The local magnetic moments are calculated within
the Wigner-Seitz (WS) radius of each atom. We choose the WS radius 0.863A˚,
1.312A˚ and 1.323A˚ for C, Si and Mn atoms, respectively. In our calculation,
the carrier doping density is simulated via changing the total number electrons
in system, the charge neutrality is maintained by a compensating jellium back-
ground.
3. Results and discussion
3.1. Electronic structure of the SiC monolayer
Figure 1: Schematic structure showing (a) Atomic structure of the pristine SiC monolayer,(b)
Top view of the structure of one Mn atom substituting one si atom,(c) the configuration of
the N+2Mn-doped SiC monolayer in 8 × 4 supercell, and (d) that of Al+2Mn-doped SiC
monolayer.
Our calculated results show that the optimized Si-C bond length is 1.785A˚
and the hexagonal lattice constant is 3.095A˚ (shown in Fig. 1(a)). The cal-
culated electronic band structure of the SiC monolayer is illustrated in Fig.
3
2(a). It shows that the SiC monolayer is an nonmagnetic semiconductor with
an indirect band gap (the valence band maximum (VBM) at the K point, and
the conduction band minimum (CBM) at the M point) of 2.52 eV. These re-
sults are in good agreement with the previous ones.[44]Interestingly, there is a
flat dispersion at CBE of the SiC monolayer from K to M point (with a slope
CBE(K) − CBE(M) = 0.016 eV). This gives rise to a prominent van Hove
singularity in the density of states (DOS) at the CBM. The projected DOS
(PDOS) (Fig. 2(b)) indicates that the states contributing to the van Hove sin-
gularity at the CBM come mostly from Si pz orbital. Considering van Hove
singularity and the large DOS, the SiC monolayer is expected to suffer from
electronic instabilities under doping, which will be discussed in this work. Since
the band structure and the DOS at CBM are critical to our study, we have
also performed band structure calculation with more accurate hybrid functional
approach. The band structure of the SiC monolayer with hybrid DFT using the
HSE exchange correlation functional is also presented in Fig. 2(a). The HSE
valence band near the Fermi level is similar to that of PBE. The shape of HSE
conduction bands remain almost unchanged except only being pushed up. As
shown in Fig. 2(c), the VBM mainly from C pz orbital, while the CBM band is
primarily attributed to Si pz orbital,the same with PBE result.
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Figure 2: The band structure and projected density of states (DOS) of the SiC monolayer.
(a) Band structure of the SiC monolayer, the PBE band structure is shown with a black
solid line and the HSE band structure is presented with a red dash line. (b) Projected DOS
obtained using PBE method. (c) Projected DOS obtained using HSE method. The Fermi
level is marked by the blue dashed line.
3.2. Electronic structure and magnetism of the Mn-doped SiC monolayer
Here, we investigate magnetism of the Mn-doped SiC monolayer from first-
principles calculations. We consider that one Mn atom substitutes one Si atom
(Fig. 1(b)). To check stability of the doped system, the binding energy (Eb) is
estimated using the following equation[53]:
Eb = EMn−SiC − ESiC + ESi − EMn (1)
Where EMn−SiC is the total energy of the Mn-doped SiC monolayer, ESiC is
the total energy of the SiC monolayer, ESi is the total energy of isolated Si and
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EMn is the total energy of isolated Mn atom. The calculated Eb values of all
the considered system are positive, which indicates that the formation of doped
system is exothermic and the Mn-doped SiC monolayer is stable.
To study Mn concentration effect on electronic structure of the Mn-doped
monolayer, we consider models of the 2 × 2, 3 × 3, 4 × 4 and 5 × 5 SiC mono-
layer supercell. These models correspond to 25%, 11.1%, 6.25%, and 4% Mn
concentration, respectively. In Figs. 3(a)-(d), we show the DOS with increasing
Mn concentrations. It is found that Mn atom occupying Si site can lead to an
impurity peak within the band gap. When the Mn concentration increases, the
peak becomes broadened due to the overlap of Mn d wave functions and the
gap between impurity peak and valence-band edge becomes small and vanishes
finally. As Mn concentration reaches 25%, the impurity peak merges with the
top of the valence band and passes through the Fermi level, while there is no
electron state of spin-down channel at the Fermi level (Fig. 3(d)). Addition-
ally, the magnetic moment of the 25% Mn-doped system is an integer 3µB per
unit cell. This means that a half-metal is obtained for the 25% Mn-doped SiC
monolayer. The half metallicity was also observed in the Mn-doped SiC film.[43]
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Figure 3: Spin resolved DOS of the Mn-doped SiC monolayer. Data are shown for (a) 4%
Mn,(b) 6.25% Mn, (c) 11.1% Mn and (d) 25% Mn. The Fermi level is marked by the blue
dashed line.
The induced magnetic moment of the system resides predominantly on Mn
atom. The magnetic moment of Mn is almost invariable with the variation of
Mn concentration. The insensitivity of magnetic moment to Mn concentration
is contributed to the localized 3d states of Mn. Magnetism of the Mn-doped SiC
monolayer can be explained by an ionic picture. When a Mn atom substitutes
a Si atoms, it provides four electrons to form the bonding and leaves three
unpaired electrons. Thus, the electron configuration of Mn4+ is 3d3 and Mn
5
atom has a spin of S = 3/2. In order to explore the origin of magnetism in
greater detail, we investigate the PDOS of the Mn-doped system. The symmetry
of the Mn-doped SiC monolayer is D3h. The Mn 3d orbitals split into a single
a1 (d
2
z) state and two two-fold degenerate e1 (dxy,x2−y2) and e2 (dxz,yz) states
under the D3h symmetry crystal field. For the Mn-doped SiC monolayer, the
spin up dxy,x2−y2 state moves to about 0.62 eV above the Fermi energy, while the
spin up dxz,yz and d
2
z are occupied, as shown in Fig. 4. These states of Mn atom
hybridize strongly with p states of the neighboring C atoms. Consequently, the
remaining three electrons occupation can be described as a↑1e
↑↑
2 , which results
in a total magnetic moment of 3µB in the Mn-doped monolayer.
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Figure 4: PDOS of Mn (top panel) and the nearest-neighbor C atoms (bottom panel) for the
Mn-doped SiC monolayer. The Fermi level is marked by the blue dashed line.
3.3. Carrier effect on interatomic magnetic coupling in the Mn-doped SiC mono-
layer
To explore the intrinsic magnetic coupling between Mn atoms, we consider
two Mn atoms substituting two Si atoms which are separated by 3.087A˚, 6.29A˚,
9.37A˚ and 12.45A˚, respectively, in an 8×4 SiC monolayer supercell (correspond-
ing to 6.25% doped concentration). For each Mn-Mn separation, we consider FM
and antiferromagnetic (AFM) alignments of Mn magnetic moments. The energy
difference between AFM and FM phase is estimated as ∆E = EAFM − EFM ,
where EAFM and EFM are the total energies of AFM and FM phase, respec-
tively. The positive (negative) ∆E suggests that FM (AFM) coupling is ener-
getically favored. Our calculated results shows that FM phase is more stable
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(∆E = 317 meV) for the 3.087A˚ Mn-Mn separation. However, the energy of
AFM phase is 44 meV and 3.8 meV lower than that of the corresponding FM
phase at the 6.29A˚ and 9.37A˚ Mn-Mn separation. The ∆E is almost zero at the
12.45A˚ Mn-Mn separation. Our results are consistent with those of previous
report[54].
In the Mn-doped SiC monolayer, the direct coupling between 3d electrons is
quite weak due to localization of the orbitals of 3d electrons, the p−d hybridiza-
tion is responsible for ferromagnetism[54]. It was verified both theoretically[55]
and experimentally[56] that FM coupling between impurity ions could be medi-
ated by free carriers (holes or electrons) via a strong p−d hybridization exchange
interaction. Experimentally, it was found that magnetism of the Mn-implanted
SiC film is enhanced after annealing[43]. This is because that annealing can pro-
duce C or Si vacancies, which are equivalent to introducing electrons or holes
into the Mn-doped system. In order to test the speculation, we directly insert
various amounts of electrons or holes into the Mn-doped SiC monolayer. In
our present study, we take two Mn atoms substituting two Si atoms at 6.29A˚
separation as a prototype to discuss carriers effect on FM coupling. The energy
difference (∆E) in different carrier inserting densities is listed in Table 1. Re-
markably, it is found that even when 0.5 electron per Mn is inserted into the
system, the AFM-FM transition occurs, the FM phase is lower than the AFM
phase with an energy of 192 meV. The magnitudes of ∆E further expand to
208 meV with 0.75 electron per Mn. At the case of 1 electron per Mn, the ∆E
is 197 meV. For hole inserting, the calculated ∆E is 94.6 meV with 0.5 hole per
Mn. The ∆E increases to 107 and 109 meV for the case of 0.75 and 1 hole per
Mn, respectively.
The codoping strategy is an effective approach to enhance ferromagnetism[57].
In the present study, we chose one N atom and two Mn atoms (N+2Mn) or one
Al atom and two Mn atoms (Al+2Mn) as a defect complex, where the N (Al)
atom substituting one C (Si) atom (as shown in Fig .1(c)and (d)). It is equiva-
lent to introducing an electron (a hole) into the Mn-doped SiC monolayer. For
the N+2Mn, the FM phase is energetically lower by an energy about 193 meV.
This is consistent with result of 0.5 electron per Mn. For the Al+2Mn, the FM
phase is stable with ∆E = 24 meV, which is similar to the result of 0.5 hole per
Mn. Since the intrinsic defects play a central role for the magnetic properties,
we investigate the Si or C vacancy (denoted as VSi and VC) influence on Mn-Mn
magnetic coupling. One VSi contributes four holes and our calculated ∆E is
129.5 meV. This suggests that the room-temperature ferromagnetism could be
obtained for the Mn-doped SiC monolayer, which is in good agreement with the
experimental result of the Mn-implanted SiC film[43]. As for VC, two of three
Si atoms around the vacancy displace in the transversal direction and do not
contribute any electron. So the system is AFM phase with ∆E = −28.3 meV.
The effect of VC on the system is negligible.
To further probe whether the Mn-doped SiC monolayer has practical appli-
cations above room temperature, we estimate the TC according to Monte Carlo
simulations based on the 2D Ising model[58, 59]. Here, we take the cases of 1
electron and 1 hole per Mn consideration. The total energy of system obtained
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from first-principles calculations are mapped to the 2D Ising model:
H = −J
∑
<i,j>
SiSj (2)
where S is net spin induced by Mn impurity, J is the nearest exchange cou-
Table 1: The calculated energy difference between AFM and FM phase for the Mn-doped SiC
monolayer in different carrier inserting density
Density of carrier ∆E (meV)
0.5 e/Mn 192
0.75 e/Mn 208
1 e/Mn 197
N+2Mn 193
0.5 h/Mn 94.6
0.75 h/Mn 107
1 h/Mn 109
Al+2Mn 24
pling parameter, < i, j > is the summation over the nearest-neighboring Mn
pairs, respectively. Using the energy difference between AFM and FM phase,
the exchange parameter is estimated to be 3.09 and 6.8 meV for the cases of200
1 electron and 1 hole per Mn, respectively. We do the Monte Carlo simula-
tions with a 128 × 128 supercell based on the 2D Ising model. The calculated
temperature-dependent magnetic moments are shown in Fig. 5. One clearly
observes that the TC of the case of 1 electron per Mn is 752 K and the TC of
the case of 1 hole per Mn is 420 K. The TC significantly exceed RT.
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Figure 5: Temperature-dependent magnetic moment based on Ising model under carrier dop-
ing for (a) the case of 1 electron per Mn inserting into the Mn-doped SiC monolayer and (b)
the case of 1 hole per Mn inserting into the Mn-doped SiC monolayer.
3.4. Strain effect on magnetic coupling
Many reports have demonstrated that strain is an effective method to tune
the electronic and magnetic properties of 2D materials. We then study the
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strain-dependent magnetic properties of the Mn-doped SiC monolayer. To
demonstrate the strain effect on magnetic properties, we define the biaxial strain
as ε = aa0 − 1, where a and a0 are the lattice constant of the strained and un-
strained SiC monolayer, respectively. Here, we only consider tensile biaxial
strains (namely ε > 0) applied to the system of two Mn atoms substituting
two Si atoms at 6.29A˚ separation in 8 × 4 supercell. The energy difference
(EAFM − EFM ) between AFM and FM phase as a function of the strain are
plotted in Fig. 6(a). The system is still in AFM phase and the energy differ-
ence change slightly under a tensile strain smaller than 0.04. When the strain
reaches critical value of 0.05, the transition between the AFM and FM phases
takes place. Since then, the energy difference rapidly becomes larger and larger
with the tensile strain increasing. As the tensile strain can make transition
between AFM and FM phase and enhance the stability of the FM phase, it is
essential to estimate the TC . The calculated TC of the Mn-doped SiC mono-
layer as function of tensile strains is shown in Fig. 6(b). We can see that the
TC increases with tensile strain increasing. The TC is 48.5 K at the tensile
strain of 0.05. When the tensile strain reaches 0.06, the TC increases quickly to
500 K, larger than RT. At the tensile strain of 0.09, the highest TC 1216.7 K
is obtained. In Fig. 6(c), we show the bond length between Mn and C atoms
(labeled as dMn−C) with the increase of tensile strain. The dMn−C increases
gradually with the increase of tensile strain, which indicates the strength of
hybridization is reduced.
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Figure 6: Strain dependence of (a) the energy difference between AFM and FM phases, (b)
the Curie temperature, (c) bond length between Mn and C atoms.
The transition between AFM and FM phase under strain can be understood
from the electronic structure. For the convenience of discussion, we only consider
the cases under strain 0, 0.06 and the PDOS are plotted in Fig. 7. At the
equilibrium case (0 strain), the spin-up Mn− 3d states localize below the Fermi
level and the spin-down one above the Fermi level. This leads to no DOSs
at Fermi level. Then, the magnetic coupling is superexchange which results
from the hybridization of low-lying spin-up d orbitals with the unoccupied spin-
down d orbitals[60]. Under the 0.06 tensile strain, the strength of hybridization
between C p and Mn 3d stares is reduced. Then, the spin-up Mn − 3d state is
shifted to lower energies and cross through the Fermi level, which leads to the
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double-exchange coupling enhancement[61]. So the magnetic coupling is FM
under the strain larger than 0.05.
-9
-6
-3
0
3
6
9
-2 -1 0 1 2
-9
-6
-3
0
3
6
9
 Mn d
PD
O
S 
(s
ta
te
s)
0
0.06
 C p
Energy (eV)
Figure 7: PDOS of the Mn-doped SiC monolayer under 0 and 0.06 strain. The Fermi level is
marked by the blue dashed line.
The two-dimensional half-metallic 2D materials are considered as the most
promising candidates for spintronic applications due to the full spin polarization
of electrons around the Fermi level. To see how the half-metallic property takes
place in the Mn-doped SiC monolayer, we show in Fig. 8(a)-(f) total DOS
under various tensile strains. For the all considered case, the system is in the
FM phase. At a strain of 0.05, the only spin-up DOS pass through the Fermi
level, the spin-down valence top is at −0.29 eV (below Fermi level), so the spin-
down channel is semiconducting with a band gap of 1.28 eV (Fig. 8(a)). The
spin-down valence top moves up with increase of tensile strain and reaches the
Fermi level at strain of 0.1 (Fig. 8(f)), so the Mn-doped SiC monolayer develops
half-metal at the strain range of 0.05− 0.1.
3.5. Electron doping
As mentioned in 3.1, the DOS of CBM has a van Hove singularities. The
electronic instabilities towards symmetry-breaking phases are expected due to
the large DOS attached to van Hove singularities. We expect magnetism in the
system under carriers doping. Indeed, our first-principles calculation suggest
that electron doping would induce magnetism in the SiC monolayer, while hole
doping does not. It was reported that the doping density of 1014/cm2 can be ob-
tained in graphene via ion liquid gating[62], and of 1013/cm2 in transition metal
dichalcogenides via back-gate gating[63]. We consider the electron doping densi-
ties up to 6×1014/cm2 (0.5 e per unit cell), such doping density could be achieved
experimentally by the available gating technique. In Fig. 9, we plot the elec-
tron spin magnetic moment (
∑
nk∈electron)−〈nk|m|nk〉/
∑
nk∈electron〈nk|nk〉,
where m is the spin magnetic moment operator and |nk〉 is Block states) and
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the polarization energy with the electron doping density. In order to examine
the stability of magnetization, we define the polarization energy as the energy
difference between the non-spin-polarized phase and FM phase. Our calcula-
tion results indicate that a FM phase appears under electron doping level of
0.65× 1014/cm2 (0.06 e per unit cell) and the magnetic moment increases with
doping density increasing, becoming summit of 0.2µB per unit cell (0.45µB/e)
under the doping level of 5.4× 1014/cm2 (0.45 e per unit cell). In contrast, the
positive polarization energy also increases with electron doping density increas-
ing and it reaches the maximum of 6.32 meV per unit cell (15.8 meV/e) under
the doping level of 4.7× 1014/cm2 (0.4 e per unit cell). The value is very large,
almost two times of that in C2N monolayer (8.5 meV/carrier), even five times
of that in GaSe (3 meV/carrier), which suggests that the FM phase would be
much stable in the electron-doped SiC monolayer.
To confirm magnetism of the electron-doped SiC monolayer, we also do cal-
culation with more accurate HSE functional that reduces the self-interaction
error by incorporating a fraction of exact exchange, resulting in a better de-
scription of the electronic wave functions. Here, we consider doping level of
5.4 × 1014/cm2. The electron magnetic moment is also 0.2µB with HSE. The
polarization energy is 6.27 meV per unit cell (13.9 meV/e) with PBE and it
increases to 11.5 meV per unit cell (25.6 meV/e) with HSE. The spin-resolved
DOSs of PBE and HSE are displayed in Fig. 10. One clearly observes that
the shape of DOSs dispersion is hardly unchanged except the spin splitting gap
the energy difference between the spin-up and spin-down DOS peaks near the
Fermi level (circled by the purple line). The spin splitting gap is 0.21 eV at
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Figure 10: Spin-resolved DOS at the electron doping level of 5.4 × 1014cm−2 with (a) PBE,
(b) HSE. The Fermi level is marked by the blue dashed line.
PBE level, while the splitting gap increases to 0.41 eV at HSE level. These
results indicate that the SiC monolayer would have a high TC . To estimate
the TC , we do the Monte Carlo simulations with a 128 × 128 supercell based
the 2D Ising model. Using the energy difference between AFM and FM phase,
the exchange parameter J is estimated to be 35.9 and 76.8 meV at PBE and
HSE level, respectively. The calculated temperature-dependent magnetic mo-
ments are shown in Fig. 11. We find that the TC is 108 K at PBE level (Fig.
11(a)) and 242 K at HSE level (Fig. 11(b)). Our results show that the RT 2D
ferromagnetism would be realized via electrolyte gating in the SiC monolayer.
3.6. Discussion
We will perform some discusses before making conclusion. First, epitaxial
SiC films can be deposited on Si substrates via chemical vapor deposition and
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Figure 11: Temperature-dependent magnetic moment for the case of the electron doping level
of 5.4× 1014cm−2 with the Ising model at (a) PBE level, (b) HSE level.
its thickness was around 10 nm[64]. Theoretically, it was predicated that the
thin SiC film has the graphitic structure which is thermodynamically favorable.
The calculated cleavage energy is 3.5J/m2 for the 4 layers SiC film cleavage
from bulk which is comparable to the value of 4 layers graphene (2.95J/m2)
film[65]. This indicates that the SiC monolayer could be fabricated from its
bulk forms using similar experimental approaches as in graphene. Furthermore,
the stability of the SiC monolayer was confirmed by phonon calculations[44].
Second, graphene has attracted tremendous interest in recent years due to its
novel electronic properties. Each method of graphene production leads to dif-
ferent structure and electronic properties. Graphene growth on SiC is a method
which can produce large scale, high quality graphene film. However, the insulat-
ing buffer layer (BL) exists the interface with the graphene layer bound to the
top Si atoms of the SiC substrate[66]. Intercalating H atoms underneath the BL
can convert to graphene due to the H atoms breaking the covalent bonds between
graphene and Si atoms[67]. Moreover, the novel properties of graphene can be
improved by intercalation with gold[68], nitrogen[69], sillicon[70] to decouple
the BL. Hence one expects that high quality graphene grows on Mn-doped SiC
with Mn atoms restraining the formation of the covalent bonds, and possesses
extraordinary magnetic property. More detailed investigations need to be done
in the future.
4. Conclusions
In conclusion, the DFT calculation is performed to investigate the elec-
tronic and magnetic properties of the SiC monolayer. We show that the room-
temperature ferromagnetism can be achieved in the Mn-doped SiC monolayer
by either electron or hole inserting into the system and the TC can reach 752 K
for the case of 1 electron per Mn and 420 K for the case of 1 hole per Mn. Fur-
thermore, the switch between AFM and FM phase occurs under tensile strain in
the Mn-doped SiC monolayer. When the tensile strain reaches 0.05, the system
turns into FM phase from AFM phase. The stability of FM phase is enhanced
and the TC increases with tensile strain increasing. The TC increases to 500
13
K (above room temperature) at the tensile strain of 0.06. Moreover, the Mn-
doped SiC monolayer can change from semiconductor to half-metal at the strain
range of 0.05− 0.1. In addition, the SiC monolayer can develop spontaneously
ferromagnetism via electron doping controlled by electrolyte gating. The TC
is estimated up to 242 K at HSE level with Monte Carlo simulation based on
the Ising model. Our results indicate that the SiC monolayer is a promising
candidate in spintronic and future quantum information devices applications
due to its tunable magnetic properties. We believe that our work will make an
important contribution to searching for RT 2D magnetic materials, which is still
an active quest.
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